Introduction
============

Vertigo is a complaint which neurology; ear, nose, and throat; and emergency medicine practitioners deal with in their daily practice.[@b1-ndt-14-1975],[@b2-ndt-14-1975] Benign paroxysmal positional vertigo (BPPV) is the most common type of vertigo.[@b3-ndt-14-1975] BPPV is generally accepted as a benign clinical condition which has been reported in 2 different studies as having a prevalence of 10.7 and 60.4 cases per 100,000 populations, respectively. Additionally, BPPV is one of the most common etiologies of vertigo and balance disorders among the elderly.[@b4-ndt-14-1975] The etiology of BPPV remains unclear. Head trauma, infection, and middle ear surgery are the most prevalent risk factors which predispose individuals to BPPV.[@b5-ndt-14-1975] The pathophysiological mechanism of BPPV is believed to be the displacement of calcium deposits to the semicircular canals that could result in activation of the afferent vestibular nerve fibers.[@b6-ndt-14-1975],[@b7-ndt-14-1975] The most affected semicircular canal is the posterior one, and this is responsible for 90% of BPPV.[@b3-ndt-14-1975]

Vertebral artery (VA) is the most affected vascular structure at the posterior circulation abnormalities.[@b8-ndt-14-1975] The basilar artery formed by the merging of VAs is responsible for the vascular supply of the 4 vestibular nuclei which are located at the base of the fourth ventricle. Additionally, vestibular structures of the internal ear are supplied by the labyrinthine artery, which is a branch of VA.

Extracranial color-coded duplex sonography (ECCSVA) of VAs can be a useful screening tool for the evaluation of posterior cerebral circulation.[@b9-ndt-14-1975] ECCSVA is a useful imaging modality which is cost-effective and can be easily performed at the clinic.

The purpose of this study was to investigate the association between BPPV and VA flow rates and diameters by using Doppler ultrasonography in patients with BPPV. Additionally, we aimed to investigate the abnormalities of VA values obtained by ECCSVA in BPPV, which could be accepted as a precursor lesion for posterior cerebral ischemic stroke.

Materials and methods
=====================

Subjects
--------

From September 2017 to February 2018, 50 patients, (10 males/40 females) (between the ages of 19 and 84 years) diagnosed with BPPV were enrolled in this prospective study. Physical examination data and histories of the patients were obtained from otorhinolaryngology clinic, and ECCSVA was performed in the neurology clinic of University of Gaziantep Medical Faculty. The history regarding hypertension, myocardial infarction, cerebrovascular incidents, diabetes mellitus, thyroid dysfunction, and smoking data were obtained from all of the patients and also rechecked from the medical record system. All patients underwent detailed ear, throat, and nose examination and a detailed neurological examination. Participants who were under the age of 18 and/or had central vertigo, ear drainage, or any disability to prevent the performance of a vestibular exam and those who had a history of cerebrovascular event or transient ischemic attack were excluded from this study. Head thrust, rotating chair, and Dix--Hallpike tests were applied to all patients who had a complaint of vertigo which lasted 1--2 minutes. Also, barbecue roll test was administered to the patients who were suspected of having posterior semicircular canal positional vertigo.

Radiologic evaluation
---------------------

BPPV-diagnosed patients were assessed with extracranial color-coded duplex sonography LOGIQ P5 portable ultrasound equipment (GE Healthcare, Buckinghamshire, UK) at 5--12 MHz scanning frequency. The measurements were performed between the segments of VA between the C4 and C6 vertebral bodies. The parameters of VA diameter (VAD), peak systolic index (PSI), pulsatil index (PI), resistive index, and end-diastolic flow velocities were obtained by color-coded duplex sonography examination. The intra-arterial diameter was calculated between the intimae layers of VAs, which were assessed in the long vessel section that is perpendicular to the axis. To provide the proper shaft, an approximately 60° angle between the wall of the vessels and ray beams was created.

Statistics
----------

One-sample *t*-test used to compare the sides of VA diameter and PSI among the BPPV subtypes. Statistical analyses were conducted using SPSS 22 (IBM Corporation, Armonk, NY, USA), and *p*-values \<0.05 were considered statistically significant.

Ethics statement
----------------

The approval for this study was obtained from the ethical committee of the University of Gaziantep. Written informed consent was received from all individuals who participated in this study.

Results
=======

A total of 50 patients were included in this study. The study population was composed of 40 females (80%) and 10 males (20%). The age of the research group ranged between 19 and 83 years. The mean age was 44.08±16.5. Atherosclerotic risk factors in BPPV patients are shown in [Table 1](#t1-ndt-14-1975){ref-type="table"}. The most common atherosclerotic risk factors were hypertension, smoking (26%), and hyperlipidemia (22%). Types of BPPV were found to be distributed as right posterior in 27 (54%), right lateral in 4 (8%), left posterior in 16 (32%), and left lateral in 3 (6%).

Looking into VA patterns, the VA having bigger diameter was dominant; from this standpoint, the left VA dominance was seen in 29 patients, whereas 18 patients showed right VA dominance, and no supremacy was detected in 3 patients. Fifty percent of males had right VA dominance, while among females 55% had left VA dominance. VAD values were found to be statistically significant between 2 genders (*p*\<0.05). The diameter of VA below 2.6 mm and/or PSI below 35 mL/min was defined as hypoplasia. Lack of any flow in VA was defined high-grade stenosis.

Patients with the hypoplasia of left and right VA numbered 30 (60%) and 22 (44%), respectively. High-grade stenosis was displayed in 2 left VAs and was in 1 right VA.

In-depth analysis of VA flow variables revealed the following: the diameter of left VA was found to be an average of 3.9+0.11 mm, the mean PSI was found to be 36.3+14.32 in the right and 32.81+10.96 in the left, the mean resistive index detected in the right was 1+0.61 and it was 0.87+0.30 in the left VA, the averages of values were 2.16+1.38 and 2.16+1.38 in the left and right, respectively, end-diastolic velocity was found to be 6.29+8.05 in the right and 6.12+7.68 in the left ([Table 2](#t2-ndt-14-1975){ref-type="table"}). Also, the values of the VA in each gender, which were calculated by ECCSVA, are shown in [Table 3](#t3-ndt-14-1975){ref-type="table"}.

Vertigo is divided into 4 subtypes based on the involvement of the semicircular canals. In this study, patients with left posterior BPPV showed a measurement of left and right VAD of 0.40±0.13 cm and 0.41±0.13 cm, respectively. The left and right VAD were calculated to be 0.31±0.1 cm and 0.35±0.05 cm in left lateral BPPV patients. Additionally, patients suffering from right posterior BPPV had a left VAD of 0.39±0.1 cm and 0.34±0.06 cm for the right one. Left and right VAD were found to have sizes of 0.4±0.03 cm and BPPV 0.38±0.04 cm in right lateral BPPV patients, respectively.

Left lateral BPPV and left posterior BPPV variables were combined to form the left-type BPPV group. The right-type BPPV group was assessed in the same manner. The VA variable comparison based on left or right BPPV is displayed in [Table 3](#t3-ndt-14-1975){ref-type="table"}. According to Student's *t*-test, a comparison of VA diameter and the VA PSI values were found to be statistically significant.

Discussion
==========

To the best of our knowledge, with a broad review of the literature, this study seems to be the first to determine the VA parameters by using ECCSVA in BPPV patients. In this study, we have shown that the VAD and the VA blood flow rates, which were measured by Doppler ultrasonography (ECCSVA), have lower values on the side of BPPV.

Previous studies displayed that the atherosclerotic risk factors such as hypertension, hyperlipidemia, smoking, migraine, and diabetes exist with high percentages in BPPV patients.[@b4-ndt-14-1975],[@b10-ndt-14-1975] These atherosclerotic risk factors were found in nearly 1 of 3 BPPV patients in our study. Furthermore, the association of atherosclerosis with not only BPPV but also with sudden hearing loss was reported.[@b11-ndt-14-1975],[@b12-ndt-14-1975] However, studies regarding the relation of atherosclerosis either with vestibular neuritis or Meniere disease are scarce. One of the explanations for the linkage between these risk factors and BPPV is that atherosclerosis of VA may trigger the detachment of otoconia from the otolith membrane by means of labyrinthine injury caused by oxidative radicals that are produced during ischemia.[@b13-ndt-14-1975] From this standpoint, it could be argued that the other parts of vestibulocochlear system might be affected; however, we focused on BPPV in this study; therefore, we did not perform further investigations. One of the explanations for the linkage between these risk factors and BPPV was that atherosclerosis of VA could initially cause labyrinthine ischemia, which then facilitates detachment of otoconia from the otolith membrane.[@b13-ndt-14-1975]

In addition to the atherosclerotic risk factors, the anatomical integrity of VAs, which are responsible for posterior cerebral perfusion, is closely related to vertigo and stroke. Association between VA hypoplasia and posterior ischemic cerebral stroke has been consistently highlighted in previous studies.[@b14-ndt-14-1975],[@b15-ndt-14-1975] Hypoplasia of the VA has not been accepted as an absolute independent risk factor for stroke, but especially the hypoplasia of VA along with the other risk factors, especially hypertension, smoking, and diabetes, is more likely to lead to development of an ischemic cerebrovascular event.[@b16-ndt-14-1975]

Alternatively, recent studies also pointed that there was an increased risk for ischemic stroke in BPPV patients.[@b10-ndt-14-1975] According to Kao et al,[@b10-ndt-14-1975] the stroke percentages were found to be 4.5% in BPPV patients after 9-year follow-up. Also, Tan et al[@b5-ndt-14-1975] found that nearly 25% of BPPV patients who underwent magnetic resonance imaging exhibited asymptomatic infarcts and microhemorrhage. However, these 2 articles did not mention the flow and hypoplasia rates of the VA, which could be accepted as a risk factor for the posterior cerebral stroke despite the fact that detailed information was collected after a long follow-up.[@b15-ndt-14-1975]

In our study, most of the patients exhibited a decrease in the posterior cerebral blood flow on the side where BPPV was diagnosed. Also, hypoplasia of VA has been demonstrated in nearly 50% of BPPV patients. Additionally, Zhang et al[@b17-ndt-14-1975] had shown abnormality in cerebral circulation of BPPV patients ranging at 57.1%, and they also found that the flow rate in posterior cerebral arteries was higher in BPPV patients compared to the control group. The values of this study were collected from the assessment of posterior cerebral flow of the pediatric population diagnosed with BPPV.[@b17-ndt-14-1975] In contrast, we found the posterior cerebral arteries flow rates decreased on the side of BPPV. This result may suggest that the flow rates in the BPPV sides decreased with time owing to the influence of atherosclerotic risk factors.

Angiography is the gold-standard technique to enable the visualization of posterior cerebral arteries with an active blood flow evaluation.[@b18-ndt-14-1975] Other noninvasive advanced diagnostic techniques for VA imaging are angio-computed tomography and contrast-enhanced magnetic resonance angiography, known to have higher accuracy to assess vascular abnormalities especially for posterior cerebral arteries.[@b18-ndt-14-1975] Nevertheless, contrast-enhanced magnetic resonance angiography and angio-computed tomography techniques, which are generally available in the referred center for stroke, are dependent on having an experienced neuroradiologist, and these imaging modalities are more expensive than Doppler ultrasonography.[@b18-ndt-14-1975] In the literature, the diagnostic value of Doppler ultrasonography has been investigated by the comparison of different imaging modalities. According to Nazerian et al,[@b9-ndt-14-1975] any abnormalities in the VA could be detected by ECCSVA with a sensitivity at 54% and a specificity at 95%. In the meta-analysis by Khan et al,[@b18-ndt-14-1975] the sensitivity and specificity of ECCSVA for diagnosis of vertebral stenosis were 70% and 98%, respectively, compared with angiography.

One of the limitations of our study was our incapability to evaluate these patients with a magnetic resonance angiography imaging modality, which is more sensitive than ECCSVA. Another weakness was the lack of a control group without any risk factors.

Conclusion
==========

In conclusion, this prospective study demonstrates that VA blood flow rates and diameters are affected on the side of BPPV. These findings might suggest that BPPV could be related to an atherosclerotic milieu and may be a precursor clinical condition for future intracranial atherosclerotic diseases.

**Disclosure**

The authors report no conflicts of interest in this work.

###### 

Atherosclerotic risk factors of BPPV patients

  Atherosclerotic risk factors   Percentage
  ------------------------------ -----------------------------------------------------
  Hypertension                   13 (26%)
  Hyperlipidemia                 11 (22%)
  Smoking                        13 (26%)
  Diabetes mellitus              10 (20%)
  Thyroid dysfunction            10 (20%)[a](#tfn1-ndt-14-1975){ref-type="table-fn"}

**Note:**

Thyroid dysfunction in 10 patients includes 3 with hyperthyroidism and 7 with hypothyroidism.

**Abbreviation:** BPPV, benign paroxysmal positional vertigo.

###### 

Overall values of VA in BPPV patients

  Parameter   Mean ± SD     Minimum   Maximum
  ----------- ------------- --------- ---------
  LAD         0.39±0.11     0.19      0.84
  LPSI        32.81±10.96   0         60
  LPI         2.32±1.6      0         7.5
  LRI         0.87±0.3      0         2.1
  LEDI        6.12±7.68     0         22
  RAD         0.37±0.09     0.2       0.77
  RPSI        36.3±14.32    0         73
  RPI         2.16±1.38     0         7.7
  RRI         1±0.61        0         5
  REDI        6.29±8.05     0         7.7

**Abbreviations:** BPPV, benign paroxysmal positional vertigo; LAD, left vertebral artery diameter; LEDI, left end-diastolic index; LPI, left vertebral artery pulsality index; LPSI, left vertebral artery peak systolic index; LRI, left resesitive index; RAD, right vertebral artery diameter; REDI, right end-diastolic index; RPI, right vertebral artery pulsality index; RPSI, right vertebral artery peak systolic index; RRI, right resesitive index; VA, vertebral artery.

###### 

Comparison of the BPPV on different sides based on VA variables

  Parameter   Left BPPV     Right BPPV    *P*-value
  ----------- ------------- ------------- -----------
  LAD         0.38±0.13     0.39±0.09     0.884
  LPSI        27.71±11.74   36.13±9.43    0.008
  LPI         2.83±2        2.03±1.25     0.092
  LRI         0.82±0.44     0.9±0.18      0.405
  LEDI        4.92±7.3      6.75±8.05     0.428
  RAD         0.4±0.12      0.34±0.06     0.028
  RPSI        38.86±13.76   34.55±14.87   0.314
  RPI         2.39±1.51     1.99±1.31     0.331
  REDI        7.46±9.05     5.1±7.06      0.311

**Note:** Data are presented as mean ± standard deviation.

**Abbreviations:** BPPV, benign paroxysmal positional vertigo; LAD, left vertebral artery diameter; LEDI, left end-diastolic index; LPI, left vertebral artery pulsality index; LPSI, left vertebral artery peak systolic index; LRI, left resesitive index; RAD, right vertebral artery diameter; REDI, right end-diastolic index; RPI, right vertebral artery pulsality index; RPSI, right vertebral artery peak systolic index; RRI, right resesitive index; VA, vertebral artery.
